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RESULTS

The pregnancy cohort was enrolled 

from May 2012 to December 2013 

(Fig 1). A total of 1380 mothers 

consented, of whom 1162 were 

enrolled and 1066 infants were 

born alive. Among livebirths, mean 

GA was 39.1 weeks (SD 2.0) and 

preterm prevalence was 11.4%, with 

early-moderate preterm birth (<34 

weeks) prevalence of 2.6%. A total of 

710 newborns were assessed at <72 

hours of life (651 term, 59 preterm) 

by a CHW. Losses to follow-up were 

higher in the preterm group (n = 62), 

particularly as these infants were 

more likely to have died (n = 8), been 

excluded for illness (n = 14), or born 

in the hospital and thus visited at >72 

hours (n = 34) or lost to follow-up 

(n = 6). CHWs performed on average 

3 to 4 newborn assessments per 

month, with a total of 35 assessments 

per CHW over the study period.

Among assessed infants, a histogram 

of the GA distribution is shown in Fig 

2. Mean ultrasound-based GA was 

39.3 weeks (SD 1.6, range 29.6–44.0), 

with 59 births (8.3%) <37 weeks 

and 7 (1.0%) <34 weeks. The mean 

birth weight was 2787 g (SD 416) 

(among term infants: 2820 g, SD 400; 

preterm infants: 2435 g, SD 423). The 

prevalence of SGA in the population 

was 32.4% using the INTERGROWTH-

21st standard.27 The average z-score 

for birth weight was –1.03 (SD 1.02), 

length –0.29 (SD 1.54), and head 

circumference –0.23 (SD 1.37).

Correlation of Individual Physical 
and Neuromuscular Signs With GA

The relationship between individual 

physical and neuromuscular signs 

and GA is shown in Tables 1 and 2. 

The correlation of GA with individual 

physical signs was low for most 

signs, but significant for skin texture, 

breast appearance, and female labia. 

GA was positively correlated with 

the individual neuromuscular signs, 

although the correlation coefficients 

were also low. Posture, scarf sign, 

arm recoil, and ankle dorsiflexion 

were significantly correlated with GA. 

We also examined the relationship 

in the subset of SGA infants and 

found significant correlation for 

skin texture and posture; however, 

correlation coefficients were similar 

to infants appropriate for GA (AGA).

4

 FIGURE 1
Projahnmo Saving Lives at Birth Gestational Age Validation Flowchart.

 FIGURE 2
Distribution of GA by early ultrasound versus original Ballard score.
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Comparison of Agreement of GA 
Between Different Methods

In Table 3, we summarize the GA 

distribution of different established 

postnatal clinical assessment 

methods and report the mean 

bias, 95% LOA, and concordance 

correlation of these methods 

compared with ultrasound GA. 

Most clinical assessments had 

wide LOA, dating 95% of infants 

within approximately ±4 weeks of 

ultrasound dating.

The average GA of the cohort was 

similar by Ballard scoring versus 

ultrasound; however, the number of 

preterm births was higher by Ballard 

due to the wider distribution of GA 

(12.9% vs 8.3%). Among all infants, 

the average difference between early 

ultrasound and Ballard dating was 

–0.4 weeks (95% LOA –4.7, 4.0). There 

was no evidence of a significant trend 

in the Bland-Altman plot across GA 

(Fig 3A). Thirty-two percent of Ballard 

GA estimates fell within ±1weeks of 

ultrasound dating, and 64% within 

±2weeks. The external physical 

Ballard signs tended to systematically 

underestimate GA, whereas the 

neuromuscular signs slightly 

overestimated GA. Bland-Altman plots 

are shown for AGA (Fig 3B) versus SGA 
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TABLE 1  Correlation of Individual Physical Maturity Signs With Gestational Age

Physical Signs Level n % Preterm Correlation Coeffi cient

Skin texture Very thin, gelatinous, and smooth 499 9.20 0.14

Not thin, superfi cial peeling 83 6.00 (< .01)**

Slight thickening, possible cracks 104 6.70

Thick and parchment-like, deep cracks 24 4.20

Skin color Dark red 4 0.00 0.05

Uniformly pink 534 9.20 (.17)

Pale pink, variable color 147 5.40

Pale, only soles/palms pink 25 8.00

Skin opacity Many/several big and small veins 205 7.30 0.02

Few veins 204 9.80 (.64)

Rare veins and indistinct 227 7.00

No veins visible 73 9.60

Lanugo No lanugo 5 0.00 −0.01

Abundant 208 8.20 (.80)

Thinning, especially on back 267 6.70

Bald areas, little hair 169 11.20

Mostly bald 57 8.80

Ear shape Pinna fl at and NO incurving 38 5.30 0.02

Partial incurving of whole upper pinna 82 9.80 (.57)

Well-defi ned curving of pinna 589 8.30

Ear recoil Pinna soft and slow/easy recoil 20 5.00 0.03

Soft in places, ready recoil 76 7.90 (.36)

Firm and thick, instant recoil 613 8.30

Breast appearance Nipple barely visible or 46 15.20* 0.14

Flat and smooth areola but defi ned (< .01)**

Stippled areola, not raised 149 12.10

Stippled and raised areola 514 6.40

Male testes Neither testes in scrotum 2 0.00 0.02

At least 1 testes low in inguinal canal 59 8.50 (.76)

At least 1 testes descended 239 8.80

Male scrotum Few/faint rugae 71 8.50 0.03

Many/good rugae 103 9.70 (.55)

Many deep rugae 125 8.00

Female labia Majora widely separated/minora protruding 85 11.80 0.1

Majora almost covers minora 186 7.00 (.04)*

Majora completely covers minora 138 7.20

Female clitoris Prominent clitoris 111 9.00 0.08

Less prominent 184 8.20 (.12)

Clitoris not visible 108 6.50

Plantar creases No creases/faint red marks 36 13.90 0.02

Anterior transverse crease only 128 6.20 (.53)

Creases over 2/3 of anterior transverse 276 6.90

Creases over entire sole 252 9.10

** P < .01.
* P < .05.
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infants (Fig 3C). Among SGA infants, 

there was evidence of a significant 

trend in the bias. The Ballard 

assessment tended to systematically 

underestimate GA, particularly in the 

lower GA ranges for SGA infants. For a 

36-week SGA infant, this would equate 

to a 2.5-week underestimate of GA by 

Ballard scoring.

By Eregie examination, GA was 

systematically underestimated with 

an average bias of 2 weeks (95% LOA 

–5.4, 1.5) and left-shifting of the GA 

distribution (mean GA 37.5 weeks, 

Supplemental Fig 8A). Modification 

of the Eregie score to adjust head 

circumference and MUAC to local 

Bangladeshi quartiles shifted the GA 

distribution to a mean of 39.4 weeks; 

however, the modification also 

resulted in a narrower distribution 

of GA and did not classify any infants 

as preterm or result in improved 

performance. Capurro GA was biased 

toward overestimation by 0.4 weeks 

(95% LOA –3.6, 4.5) (Supplemental 

Fig 8B). The Bhagwat assessment 

developed in India was biased 

toward underestimation –0.9 (95% 

LOA –5.0, 3.2) (Supplemental Fig 8C). 

By the CHW prematurity 

scorecard, 240 infants (33%%) 

were categorized in the red zone 

(early preterm) and 278 (39%) 

in the yellow zone (late-moderate 

preterm).

Neonatal Anthropometrics as 
Surrogate Markers of GA

The relationships of neonatal 

physical anthropometrics versus 

GA are shown graphically in 

scatterplots in Supplemental Fig 9. 

The correlation coefficients ranged 

from 0.1 to 0.37. ROCs and AUCs 

for different anthropometrics as 

surrogate measures to identify 

preterm births are shown in Fig 4. 

The AUCs were low for foot length, 

infant length and MUAC (0.51–0.65), 

but fair for head circumference, 

chest circumference, and weight 

(0.72–0.80). The validity of the 

anthropometric cutoffs with the best 

average sensitivity/specificity are 

summarized in Table 4.
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TABLE 2  Correlation of Individual Neuromuscular Maturity Signs With Gestational Age

Neuromuscular Signs Level n % Preterm Correlation Coeffi cient

Arm recoil 0–2 31 16.10 0.07

3 163 7.40 (.05)*

4 516 8.10

Posture 0–2 40 25.00** 0.12

3 164 6.70 (<.01)**

4 506 7.50

Popliteal angle 0–1 79 5.10* 0.05

2 78 12.80 (.23)

3 205 12.70

4 299 6.00

5 47 2.10

Scarf sign 0–2 81 12.30 0.08

3 410 8.00 (.04)*

4 217 7.40

Heel-to-ear 0–1 101 7.90 0.04

2 191 8.90 (.26)

3 247 10.10

4 170 5.30

Ankle dorsifl exion 0–2 25 24.00** 0.08

3 194 9.30 (.04)*

4 490 7.10

* P < 0.05.
** P < 0.01.

TABLE 3  Agreement of Methods for Clinical Postnatal GA Determination With Early Ultrasound (GA 

in Weeks)

Mean GA, wks 

(SD)

Median GA, wks 

(range)

Average Biasa 

(95% LOA)

Lin's Concordance 

(SE)

Early ultrasound 

(reference)

39.2 (1.6) 39.4 (29.6–44.0) NA NA

Ballard total24 38.9 (1.7) 38.8 (32.4–43.2) −0.4 (−4.7, 4.0) 0.12 (0.04)

Ballard external 37.8 (2.0) 37.6 (31.2–43.2) −1.5 (−6.1, 3.2) 0.10 (0.03)

Ballard neuro 39.9 (2.3) 40.0 (31.2–44.0) 0.7 (−4.6, 6.0) 0.08 (0.03)

Capurro7 39.7 (1.6) 39.7 (32.5–43.4) 0.4 (−3.6, 4.5) 0.14 (0.04)

Original Eregie13 37.3 (1.5) 37.5 (32.7–41.5) −2.0 (−5.4, 1.5) 0.19 (0.02)

Modifi ed Eregie8 39.4 (0.6) 39.4 (38.0–40.8) 0.1 (−2.9, 3.2) 0.18 (0.03)

Parkin9 38.6 (1.6) 38.6 (34.5–42.0) −0.7 (−4.8, 3.5) 0.14 (0.04)

Bhagwat14 38.4 (1.5) 38.5 (33.0–41.0) −0.9 (−5.0, 3.2) 0.11 (0.03)

—, not applicable.
a Average bias defi ned as mean difference between (Clinical GA method – early pregnancy ultrasound).
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Validity of Methods for Identifi cation 
of Preterm Infants

The validity of different postnatal 

clinical assessments tested to identify 

preterm infants is shown in Table 

4. The Ballard, Capurro, Bhagwat, 

and Parkin had low sensitivity for 

the identification of preterm infants, 

although specificity was high. 

The Eregie and CHW prematurity 

scorecard had fair sensitivity (70%–

75%); however, lower specificity and 

PPV. None of these clinical methods 

had adequate sensitivity or PPV to 

serve as a clinical screening tool in 

our community setting.

Surrogate neonatal anthropometrics 

performed slightly better; however, 

still did not achieve adequate 

sensitivity, specificity, and PPV in 

our setting with high rates of growth 

restriction. Achieving sensitivity 

of >70% was at the expense of 

specificity for all anthropometrics. 

Foot length was relatively nonspecific 

for identifying preterm births.

DISCUSSION

In our community-based Bangladeshi 

birth cohort with accurate early 

pregnancy ultrasound dating, 1 

in 8 infants was born too soon 

(<37 weeks). This corroborates a 

high burden of preterm birth in a 

representative rural South Asian 

population, although the prevalence 

was lower than previous estimates 

with LMP-based dating. We validated 

several established and simplified 

postnatal methods to ascertain 

GA by CHWs. Standard clinical 

postnatal assessments, including the 

Ballard, Eregie, Parkin, Capurro, and 

Bhagwat scores, had poor validity 

for classifying preterm infants in 

our setting. The CHW prematurity 

scorecard had fair sensitivity but low 

specificity. Neonatal anthropometric 

measurements also had relatively 

poor-fair discriminatory ability for 

identifying preterm births where 

fetal growth restriction is common.
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 FIGURE 3
Bland-Altman plots of Ballard versus early ultrasound for GA dating. A, All infants, no signifi cant 
trend. B, AGA infants, no signifi cant trend. C, SGA infants, signifi cant trend line of difference (P < .01), 
bias = 0.7146235* (average Ballard_US) – 29.00176.
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Individual signs of physical maturity 

were poorly correlated with 

ultrasound GA in our community-

based study. Previous studies have 

shown high correlation of most 

physical signs with LMP-based GA 

dating in mainly high-income, facility/

NICU settings (correlation coefficients 

ranging 0.5–0.8).9, 24 Differences in 

the gold standard GA determination 

method (ultrasound versus LMP), 

the low number of early preterm 

infants in our study cohort, and place 

of assessment (home versus facility) 

may contribute to our findings. It is 

also possible that the level of health 

worker affected our findings. Previous 

validation studies have primarily 

used physicians; however, CHWs 

from our study were rigorously 

trained and standardized, and CHWs 

had high levels of agreement on 

individual Ballard signs compared 

with physicians.29 In previous studies, 

our CHWs have identified neonatal 

illness/infection with high validity 

compared with physicians.30 Another 

factor potentially contributing to 

the performance of the physical 

signs is the variable time of home 

assessment (<72 hours of life). Certain 

characteristics, particularly the skin 

examination, may be less accurate 

after the first day of life. In our study, 

the median visit time was 13 hours 

and 89% of visits were within 24 

hours of life.

In general, neurologic signs are more 

easily influenced by disease state and 

comorbidities, such as birth asphyxia 

or neonatal infections. The timing 

of the assessment after birth also 

may affect the infant’s neurologic 

state (ie, tone, arousability), and 

may have influenced our findings. Of 

the neurologic signs, posture, ankle 

dorsiflexion, arm recoil, and scarf 

sign scores were significantly but not 

strongly correlated with GA. Ankle 

dorsiflexion measures the relative 

contribution of relaxins and other 

parturition hormones to prepare the 

infant for vaginal birth (L. Dubowitz, 

MD, personal communication, 2012) 

and may be less influenced by illness.

In our community-based study, 

established postnatal clinical 

assessments had relatively wide 
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 FIGURE 4
Diagnostic accuracy of physical anthropometrics to identify preterm (<37 wk) newborns.

TABLE 4  Diagnostic Accuracy of Postnatal Clinical Methods to Identify Preterm (<37 Weeks) Infants

Method Prevalence, % Sensitivity, % Specifi city, % PPV, % NPV, %

Ballard 13 15 87 9 92

Ballard-External 35 36 65 8 92

Ballard-Neuro 14 24 86 14 93

Capurro 4 5 96 10 92

Eregie 44 75 58 14 96

Bhagwat 14 18 87 11 92

Parkin 7 10 93 12 92

CHW prematurity scorecard 72 70 27 8 91

Foot length, mm

 ≤75 65 64 35 8 92

 ≤76 74 86 28 19 92

Birth weight, g

 ≤2600 36 75 68 18 97

 ≤2500 21 54 82 22 95

Head circumference, cm

 ≤32 20 56 83 23 95

 ≤33 38 68 65 15 96

NPV, negative predictive value.
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LOA with ultrasound GA and poor 

diagnostic accuracy for identifying 

preterm births. The Ballard had a 

wide margin of error (±4 weeks) and 

other simplified methods, including 

our CHW prematurity scorecard, had 

poor validity. An important point is 

that assessments tested in this study 

were designed to measure infant 

maturity, as opposed to gestational 

duration. Although prematurity is 

a major cause of infant immaturity, 

other factors may contribute, 

including fetal growth restriction, 

and maternal and neonatal morbidity. 

Among SGA infants, the Ballard 

systematically underestimated GA 

in lower GA ranges; thus, potentially 

limiting the accuracy of postnatal 

maturity assessment in settings with 

high rates of fetal growth restriction. 

We validated a simplified method 

developed in India, 14 a setting 

with similar SGA rates; however, 

the diagnostic accuracy was poor. 

Other techniques, such as anterior 

vascularity of the lens, may improve 

performance for GA prediction in 

growth-restricted populations and 

are being studied.16, 17, 31

The original neonatal maturity scores 

were developed when LMP was the 

gold standard, and used regression 

equations or scoring algorithms to 

predict LMP-based GA. Few studies 

have validated postnatal clinical 

assessment compared to early 

ultrasound GA in LMIC settings. In 

Malawi, Wylie et al32 reported that 

79% of infants classified as preterm 

by the Ballard performed by research 

nurses were full-term according to 

best obstetric estimate, including 

ultrasound (ie, 21% PPV). Taylor and 

colleagues33 found that the external 

Ballard performed by midwives 

correlated poorly with ultrasound 

GA in the Gambia. In Papua New 

Guinea, the Ballard examination 

performed by nurses systematically 

overestimated GA by 6 days with 

wide 95% LOA (–27, 39 days) and 

systematically underestimated GA in 

the lower GA ranges.34

Foot length has been identified in 

several community-based studies 

as a promising indicator of preterm 

or low birth weight infants in 

Tanzania, Uganda, and Nepal.10, 12, 35 

In Tanzania and Uganda, studies 

reported sensitivity ranging 

from 93% to 96% and specificity 

ranging from 58% to 76% for 

preterm birth; however, these 

used a gold standard diagnosis 

of clinical examination (Eregie/

Ballard), whereas our study used 

a gold standard diagnosis of early 

pregnancy ultrasound.10, 12 In our 

population in which fetal growth 

restriction is prevalent, foot length 

was not an accurate predictor of 

prematurity.

The main limitation of this study 

is the survival bias of those infants 

who were included in the analysis. 

Preterm, particularly early preterm, 

infants were more commonly 

excluded, either because they died 

before the visit, were delivered 

in a hospital, or were too ill for 

the assessment. Early preterm 

infants more likely would have 

been identified as preterm by the 

test screening methods. Thus, we 

believe our estimates would tend 

to underestimate the sensitivity 

to identify preterm births in the 

entire birth cohort. Our study 

environment, however, would 

reflect real-life performance of these 

methods in a community setting 

with high rates of home birth and 

home visitation. In these settings, 

earlier contact with preterm infants, 

by improved prebirth pregnancy 

dating, notification of preterm 

labor, and earlier home visits, may 

more effectively improve referral 

and outcomes. Furthermore, the 

clinical assessment may be more 

beneficial and have improved 

performance in health facilities, 

where staff are more skilled and 

frequent assessment may improve 

performance. In facility settings in 

which most infants may be assessed 

at birth, the early identification of 

preterm infants may lead to earlier 

delivery of interventions to improve 

outcomes. Finally, our analysis 

reflects the diagnostic accuracy of 

these methods and anthropometrics 

in a South Asian setting and may 

not be generalized to other settings, 

particularly African settings in 

which growth restriction is less 

common.

This work is the result of a pilot 

study. An expanded assessment 

is being tested in a multicenter 

study as part of the World Health 

Organization (WHO) Alliance for 

Maternal and Newborn Health 

Improvement (AMANHI) study. 

The AMANHI study will validate a 

comprehensive neonatal assessment, 

including feeding assessment, in a 

larger sample size of 7000 newborns 

in 5 countries (Bangladesh, Ghana, 

Pakistan, Pemba-Tanzania, and 

Zambia). This study will have a wider 

range of signs tested, increased 

statistical power, and will include 

facility-based births and assessments 

by higher-level health workers. It 

will also use advanced computational 

machine learning analysis to test 

multiple permutations, combinations, 

and simplified algorithms for 

identifying preterm births and 

will enable comparisons and 

generalizations to different world 

regions.

CONCLUSIONS

In our community-level validation 

study in Bangladesh, assessment of 

postnatal clinical maturity by CHWs 

had poor diagnostic accuracy to 

identify preterm infants as defined 

by early pregnancy ultrasound. 

Neonatal anthropometrics were 

also relatively nonspecific to 

identify preterm births in our 

setting with high rates of fetal 

growth restriction. The delay to 

first newborn contact for home 

births, particularly among preterm 

infants, is a major barrier to 
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improve preterm birth outcomes 

in LMICs. There is an urgent need 

to improve pregnancy dating 

before birth, reduce delays to first 

newborn contact, and develop 

methods to feasibly and accurately 

identify preterm births to improve 

birth outcomes in settings of 

highest need.
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